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Title: MoUuscicidal agents and compositions 

FIEIiD OF THE INVENTION 

The invention relates to moUuscicidal agents especially suited for 
controlling slugs and snails. The invention further relates to methods of 
preventing mollusc-related damage to a plant and/or for controlling a mollusc 
in horticulture or agriculture in which an elective amotmt of a molluscicidal ^ 
agent of the invention is brought into contact with the moUusc. 



Q 
Q 

a; 

(D 

o 

o 



BACKGROUND OF THE INVENTION 

Slugs and snails (terrestrial gastropod molluscs) are capable of causing 

10 extensive damage to horticultural ornamental plants and agriculture food 
crops. They axe omnivorous, consuming leaves, bulbs, tubers, fungi, lichens, 
algae and animal matter. Their damaging effects on human crops such as leafer 
vegetables and fruits and animal crops such as hay and clover is most 73 
extensive as they can consiuue their own weight in food materials in a matter 

15 of days. 

Slugs and snails are closely related members of the phylum moUusca. 
Snails have a large external shell used for protection against predators and 
adverse climatic conditions'. However, snails require a living environment 
containing large quantities of calcixnn containing materials, including Ume 

20 (CaCOa)- Calcium containing materials are necessary jfor the snail to develop 
its shell. Therefore, most snails are found in areas having soil rich in calcium. 

Slugs do not have an external shell and do not require calcium rich soil 
to survive. Although slugs axe capable of burrowing into the earth for food and 
shelter, they are vulnerable to desiccation and death in open and unshaded 

25 areas. Therefore slugs primarily subsist in high moisture climates. 
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Slugs and snails, if uncontrolled can propagate at a rapid rate, causing 
enormous horticultural and agricultviral damage. Because tJiey are semi- 
nocturnal, they often avoid capture by predators. 

One method of controlling slugs comprises the use of a composition 
5 having an attractant (e.g. lettuce) combined with calcium arsenate, an 
environmentally hazardous poison. 

Another chemical moUuscicide, metaldehyde which is a polymer of 
acetaldehyde with the empirical formula C8HX6O4, formed by the 
polymerization of four to six acetaldehyde molecules is still in use today and 
10 essentially causes death by dehydration. Metaldehyde also has numerous 

safety and ef&cacy problems. First, metaldehyde is toxic to both humans and 
animals. Furthermore, the ef&cacy of metaldehyde as a molluscicide is limited- 
It is only effective xmder certain environmental conditions. For metaldehyde to 
function, dry, warm and sunny conditions must be present. These conditions 
15 enhance the desiccating effects caused by metaldehyde. However, when moist, 
overcast conditions exist, snails and slugs can overcome the desiccating effects 
of metaldehyde, by excreting the material from their bodies in a matter of 
days. 

Methiocarb (4-methylthio-3,5"Xylyl methylcarbamate or 
20 mercaptodimethur) is another chemical molluscicide that is presently used. 

Although the total volume of use is relatively low, methiocarb is considered an 
important tool for controlling slugs and snails in nurseries and greenhouses. 
Methiocarb however has some important ecological downsides. It is toxic to 
terrestrial mammals and very highly toxic to birds, fish, aquatic invertebrates 
25 and hoiiey bees. 

At present there is a need for an effective moUuscicidal agent capable of 
providing protection to horticultural and agricultural plants and crops against 
* slugs and snails and that is less environmentally damaging than the 
compounds of the prior art. The present invention represents a new and 
30 improved molluscicide composition satisfying this need, as described herein 
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below. 

SUMMARY OP THE INVENTION 

In a first aspect the present invexxtioXL provides the use of a compound of 
6 the formula: 

f r^^ 
T 

N — Z 

wherein 

R'^ denotes a hydrogen atom or a methyl group, 

A denotes an ethylene group which can be substituted by methyl, or a 
10 trimethyl goup which can be substituted by methyl, 

X* denotes an oxygen or sulphur atom or the group 

i—R^ • 




— CH— r3 

wherein 

R2 denotes a hydrogen atom, a Ci-Cvalkyl group which caii be substituted 
by a substituent selected from amongst halogens, Ci-C4-a]koxy groups, 
Ci-C4-al]cylthio groiq)s and (yano, a C2-C4-alkenyl group, a C2-C4-alkiiiyI 
group, a pyridylmethyl group which can be substituted by halogen 
and/or methyl, a benzyl group which can be substituted by halogen 
and/or methyl, a fbrmyl group, an aUjylcarbonyl group having 1 or 2 
carbon atoms in the allgrl stacuctural unit which can be substituted by 
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halogen, a phenylcarbouyl group which can be substituted by halogen 
and/or methyl, an alkoxy or altylthiocarbonyl group having 1 to 4 
carbon atoms in the Blkyl structm-al unit, a phenosycarbonyl group, a 
Cj.-C4-aIkylsulphonyl group which can be substituted by halogen^ or a 
5 phenylsulphonyl group which can be substituted hy methyl, and 

B? denotes a hydrogen atom, and 

Y denotes a 5- or 6-membered heterocyclic group which contains two or 

three hetero atoms selected Jfrom amongst ox3^en, sulphur, and nitrogen 
atoms, at least one of these being a nitrogen atom, or denotes a 3-pyridyl 
10 group, the heterocjrclic group and the 3-pyridyl group optionally being 

substituted by at least one substituent selected from amongst halogen 
atoms, alkyl groups having 1 to 4 carbon atoms, alfcoxy groxqps having 1 
to 4 carbon atoms, alkylthio groups having 1 to 4 carbon atoms, 
halogenoalkyl groups having 1 to 4 carbon atoms, halogenoalkoxy 
16 groups having 1 to 4 carbon atoms, alkylsulphonyl groups having 1 to 4 

carbon atoms, the cyano group and the nitre group, and 

Z denotes the group 
CN, 

as a molluscicidal agent. 
20 In a preferred embodiment of the first aspect of the present invention, 

use is provided of a compound of the formula: 

/~\ 

c 

CO) 




wherein 

X denotes a sulphur atom or the group 
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^Nli.and 

Z denotes the group 
CN. 

More preferably, said compbund is thiadoprid. 
6 In another aspect, thfe present invention provides a mollusdcLdal 

composition comprising a cbmpound of the formula Q), preferably according to 
the formula (II), more preferably thiacloprid as an active ingredient, and an 
agronomically acceptable cdrrier. 

Other aspects of the J»resent invention relate to a seed comprising a 

10 coating, said coating comprising a compoimd of the formula (0 as defined 
above, preferably according to the formula (II) as defined above, more 
preferably thiacloprid, and to a method of coating a seed, comprising treating a 
seed with a coating composition, said coating composition comprising a 
compound according to the formula (I) as "defined above, preferably according 

16 to the formula (D) as defined above, more preferably thiacloprid, and a coating 
compound. 

In yet another aspect, the present invention provides a method of 
preventing mollusc-related <kamage to a plant and/or for controlling a mollusc 
m horticulture or agricultuj^ in which an effective amount of a composition 
20 comprising the moUuscicidai agent of the invention is brought into cotitact 
with the mollusc. 

In still another aspect, the present invention provides a mollusdcidal 
composition concentrate coniprising a concentrated formulation of the 
moUuscicidai composition. 

The present invention also provides a method for the preparation of a 
moUuscicidai composition, cdmprising combining a compound of the formula 
(I), preferably according to tU formula (II), more preferably thiacloprid as an 
active ingredient, with an agSrondmicaUy acceptable carrier. 



25 
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DETAILED DESCElPTIok OP THE INVENTION 

The term "molluscidide" or "molluscicidal agent" means an active 
ingredient or chemical which is intended to mitigate a mollusc (gastropods, 
5 subclass pulmonata) including snails and slugs and related organisms. The 
term includes not oxily a Idiling efifect but also a repelling effect. Next to the 
active ii^edient or molluscicidal agent of the present invention, a 
molltisdcidal composition for pxu-poaes of this invention may also include other 
compounds which can conttol molluscs. The molluscicidal composition 

10 preferably comprises about 5 to about 90% by weight of the molluscicide. The 
moUuscicide may be in the Iform of a pure active ingredient, a technical grade 
of the active ingredient, or an active ingredient formulated with one or more 
agronomicaUy acceptable carriers. 

By "agronomicaUy adceptable carrier" is meant any substance which can 

15 be used to aid the dispersion of the active ingredient without impairing the 
active ingredient's effectiveiiess and which by itself has no significant 
detrimental efifect on the soil, equipment, desirable plants, or the agronomic 
environment. A very suitable agronomicaUy acceptable carrier is water. Other 
suitable carriers are solid carriers such as in the form of granvdes as described 

20 in more detail hereinbelow. 

The present inventiofa now provides the use of a compotmd of the 
formula: 




1 



wherein 

25 Ri denotes a hydrogen atom or a methyl group. 
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5 



denotes an ethylene group which can he substituted by methyl^ or a 
trimethyl goup which can he substituted by methyl, 
denotes an oxygen or sulphxir atom or the group 



CH— r3 

wherein 

R2 denotes a hydrogen atom, a Ci-C4-aliyl group which can be substituted 
by a substituent selected firom amongst halogens, Gi-Ci-aSkoxy groups, 

10 Ci-C4-aJkylthio groups and (yano, a C2-C4-a]keiiyl group, a C2-C4-aIlduiyl 

group, a pyridyhnetibyl group which can be substituted by halogen 
and/or methyl, a benzyl group which can be substituted by halogen 
and/or methyl, a formyl group, an alkylcarfoonyl group having 1 or 2 
carbon atoms in the alkyl structural tmit which can be substituted by 

15 halogen, a phenylcarbonyl group which can be substituted by halogen 

and/or methyl, an alkoxy or alkylthiocarbonyl group haviug 1 to 4 
carbon atoms in the alkyl structural unit, a phenojtycajcbonyl groxjp, a 
Ci-C4-alkyl3ulphonyl group which can be substituted by halogen, or a 
phenylsulphbnyl group which can be substituted by methyl, and 

20 R5 denotes a hydrogen atom, and 

Y denotes a 5- or 6-membered heterocyclic group which contains two or 

three hetero atoms selected from amongst oxygen, stdphur, and nitrogen 
atoms, at least one of these being a nitrogen atom, or denotes a 3-pyridyl 
group, the heterocycUc group and the 3-pyridyl group optionalfer being 

25 substituted by at least one substituent selected from amongst halogen 

atoms, alkyl groups having 1 to 4 carbon atoms, alkoxy groups having 1 
to 4 carbon atoms, alkylthio groups having 1 to 4 carbon atoms. 
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halogexLoalkyl groups having 1 to 4 
g2X>ups having 1 to 4 caxbon atoms, 
carbou atoms, the Qrano group and 
denotes the group 
CN 



carbon atoms, halogenoalkosy 
alkylsuXphonyl groups having 1 to 4 
the nitro group, and 



as a moUuscicidal agent. 
In a preferred embodiment the 
compound of the formula: 



present invention provides the use of a 



CI- 




CHo N 




wherein X is an — NH or -S group, and Z 
thereof, as a molluscicidal agent. 

A "derivative" as used herein> refers 
obtained by the chemical modification of a 
chemical reactions as substitution, addition 
Chemical modifications of a compound of the 
instance, replacement of a hydrogen by an 
the compound essentially retains its 

In preferred embodiments of the 
[3-(6'^hloropyridin-3-ylmethyl)thiazolidin- 
wherein X is an group and Z is a -CsN 

Molluscicidal activity of related 
represents an -NOs group has been 
most important members of these 
differs from thiacloprid in that X is an -] 
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01) 



is an -CsN group, or a derivative 



to a chemically related compound 
compound of the invention by such 
and elimination reactions- 
invention can include, for 
alkyl, acyl, or amino group whereby 
effect. 

invention use is provided of N- 
2-yUdene]cyanamide (thiacloprid), 
Ijroup. 

in which the Z-group 
(EP-A-O 617 893), One of the 
is ixnidacloprid, which further 
group in stead of an -S group. The 



molluscicidal < 



present 



com pounds. 
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mollu6cicidal effect of xmidacloprid is 
Symposium proceedings, 2001, 76:191-196] 
Suxprisiugly, thiadoprid can be usee . 
imidacloprid. Experiments, performed as 

5 demonstrated that the effects in plant dam 
fecal pellets obtained by the use of thiaclop|rid 
hig^her dosage of xmidacloprid and that 
of thiacloprid restdted in significantly mor<; 
imidacloprid. The use of less active 

.0 phytotoxic effects on the plants during ger: 
It is known that compounds of the 
e.g. EP 0 235 725 and EP 0 580 553) aad 
It has now surprisingly been foimd that 
in combination, or in combination with othbr 

.5 outstanding moUuscicidal (snaiyslug-ldlliii^) 
Thiacloprid for instance is a 



fiurthar exemphfied by Rose et aL (BC5PC 



substance 



compounds 



neonico' inyl 



nortnal^ 



terresiaial 



control of pest insects in fruits, vegetables. 
The environmental safety as determined 
this compound showed that it will pose a 

50 microflora, terrestrial plants, earthworms, 
vascular aquatic plants and. fish under 
expected for insecticides, non-target 
sensitive to the compound. 

The advantage of the use of the 

56 above compounds such as methiocarb and 
compounds exhibit a lower level of toxicity 
maJkes these compounds better suited for 
use of compounds of the formula (I) is less 
not result in half dead slugs that form a 
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in lower dosages than 
diescribed in the examples below, 
age reduction and number of slug 
were matched only by using 
at the lower dosage tested, the use 
utilizahle plants than 
reduces the chances of 
^nination. 
formula (I) possess insecticidal (see 
fungicidal properties (DE 1995 6098)* 
of the formula (I), alone or 
active substances, have an 
e^ect 

insecticide used mainly for 
ornamental plants and buildings, 
exposure and toxicity data of 
nbgliglble risk to terrestrial 
birds, mammals, vascular/non- 
conditionB of practical use. As 
and aquatic arthropods are 



com] >ounds according to the formula (Z) 
other carbamates is that these 
towards for instance birds, which 

in sewing seed. Furthermore, the 
Environmental burdening and does 
thi'eat for, for instance, hedgehogs. 



use 
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The metaldebydes are known to be toxic to dogs and a finrmulatioa 
thereof witibi an active substance content higher than about 40 wt.% is 
technically unfeasible. This means that during seed treatment the amomit of 
active substance that can be provided to tite seed is limited. 
5 The present invention relates to moUusdcidal compositionfl comprising 

at least one compound of the formula (1) as an active ingredient alone in 
oombinatbn with other active substances, preferably fungicides, herbicides 
and/or fertilizers. 

In one aspect, the present invention provides methods and materials for 
10 the prevention, control, and eradication, of mollusc infestation and, more 

particularly, moUusc-related damage to plants. An amount of the composition 
that is effective to cause such prevention, control, and/or eradication will be 
referred to herein as an "effective amount" or a "molluscicidal-eflfective 
amount". According to one embodiment of this aspect the invention provides a 
15 method of preventing mollusc-related damage to a plant in which an effective 
amotmt of a composition comprising the molluscicidal agent of the invention is 
administered to the locus, roots, leaves, or seeds of said plant. In another 
embodiment, the present invention provides a method of controlling a mollusc 
in horticulture or agriculture comprising applying to the mollusc, the locus of 
20 the mollusc, or a food source of the mollusc a molluscicidal composition of the 
invention. In this embodiment a mollusc or its environment is contacted with a 
moUuscicidal-e£fective amount of a composition of the invention. 

Molluscs which may be controlled by methods and compositions of the 
present invention are preferably molluscs comprised in the gastropod dass, 
25 more preferably the subclass pulmonaia, even more preferably snails and 
slugs, and most pteferably the grey field slug {Deroceras reticulatum). 

The active ingredients may be prepared by any method Icnown in the 
art, for instance as described in EP 0 235 725. 

The compositions of the present invention may be in the form of Uquidis, 
powders, or soUds and may be delivered in the form of for instance a solution, 



30 
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an emulsion, a suspension, a powde^, a foam, a paste, a granulate or an 
aerosoL 

A i^pical composition comprises a compound of the formula ([) in a 
concentration of fiom 0.01 to 95% by weight, in particular fcom about 0.1 to 
5 about 90% by weight of the composition. Preferably a jcuoUusdcidal 

composition comprises more than about 40, more preferably more than about 
50, even more preferably more than about 60, yet more preferably more than 
about 70 wt.% of a compound of the formula (I) as active substance. The 
concentration of active ingredient in a deUverable or ready for use formulation 
10 may vary in a wide range and may be as low 0.0000001 wt.% and as i^igh as 99 
wt%. 

A molluscicidal composition comprising the moUuscicidal agent of the 
invention further comprises an agronomically acceptable carrier. 
Suitable carriers or diluents or solvents for providing liquid 
15 formulations of the active substance include aromatic hydrocarbons sudx as 
3C7lene, toluene or aflsyhiaphtalene, chlorinated aromatic or chlorinated 
aliphatic hydrocarbons such as chlorobenzene, chloroethylene or 
methylenechloride, aliphatic hydrocarbons such as cydohexane or paraffin, for 
instance mineral oil fractions, alcohols such as butanol or glycol and ethers 
20 and esters thereof ketones such as aceton, methylethylketon, 

methylisobu^lketon or cyclohexanon or strongly polar solvents such as 
dimethylformamide, dimethylsulfosdde and water. 

Volatile gas-like diluents or carriers, ie. substances that are in the gas- 
phase at normal environmental temperature and pressure, may also be used 
26 and may include for instance butane, propane, nitrogen gas and carbondioxide. 

As solid carriers pulverized natural minerals such as kaolin clay, talc, 
chalk, quartz, montmorillon or diatom earth or pulverized synthetic minerals 
such as dispersed silica, aliminiumoxide. and silicate may be used. As solid 
carriers for granulates, also si^ae reduced and fractionated natural atone 
30 materials such as caldte, marble, sepioUth and dolomite, or synthetic 
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granulates from inorganic and organic powders such as £tom polymers or 
granulates from organic materials as coconut shells, com cobs and tobacco 
stems may be used. 

Typical amounts of said carrier in a composition comprising the 
5 molluscdcidal agent of the invention are between about 1 and about 99 % by 
weight of the composition, depending on the type of carrier chosen. The skilled 
person win appreciate that suitable amounts of carriers can be chosen to suit 
the particular application wherein the composition of the invention is used. 
The composition may further comprise other ingredients to aid in 

10 dispersibility of the pesticide in water, to modify surface tension of the spray, 
or to promote adhesion of the active agent. These additional ingredients are 
collectively termed excipients and may include for instance inert carriers, 
diluents, surfactants, dispersants, spreaders, stickers, antifoam agents, 
thickeners, dyes, colorants, antifreeze compoimds and emulsifiers. One skilled 

15 in the art will recognize circumstances where such excipients are typically 

combined with the moUuscicide to be appHed. Further inert ingredients useful 
in the present invention can be found in McGutcheon's, vol. 1, *'£mulsiGers oxid 
Detergents," MC Publishing Company, Glen Rock, N,J„ U.S.A., 199a 
Additional inert ingredients useful in the present invention can be found in 

20 McCutcheon's, vol. 2, "Ftmctional Materials," MC Publishing Company, Glen 
Rock, New Jersey, U.S A., 1996. 

Biological efficacy of pesticides is influenced by many Victors, 
particularly the residence time of the pesticide on the treated sur&ce, which is 
often a plant leaf or seed surface. A major factor infiLuendng the residence time 

25 is the degree to which the pesticide resists wash-oflf by rain, that is, 

rainfastness. With liquid formulations, rainfeistness may be improved by 
including ingredients in the formulation or adding such ingredients to the 
spray tank (tank mixing) that, during drying, provide a water-resistant bond 
between the pesticide and the substrate. For example, emulsified oil or water 

30 insoluble polymers prepared in emulsion have been used to improve licjuid 
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formulation rainfestness. One widely used material is a formula 
comprising a carboxylated synthetic latex emiilsion polymer, a primary 
aliphatic oxyalfcylated alcohol, and water. This material has been shown to 
improve the efi&cac^ of a variety of pesticides. 

5 Surfectants that may be employed in compositions of this invention 

include for instance one or more of various non-ionic, anionic, and amphoteric 
surfectants. Examples of non-ionic surfectants which are useful include 
polyaliylene glycol ethers and condensation products of aliyl phenols, 
aKphatic alcohols, aliphatic amines, and fetty acids with ethylene oxide, 
® 10 propylene ojctde or their mixtures such as the ethoxyiated alkyl phenols or 

ethoxylated aryl and polyaryl phenols and carboxyhc esters solubilized with a 
polyol or polyoxyethylene. Anionic stirfactants include salts of alkyl aryl 
sulphonic acids, sulphated polyglycol ethers, salts of sulfosuccinic acid esters 
with hydrophobes such as 2.ethylhexanol, salts of phosphated polyglycol 
15 ethers, alkyl sarcosine salts, alkyl isethionate salts, and derivatives of taurine. 
As dispersants, substances such as lignosulphonates and 
methylceUulose may be used. 

The compositions of this invention may he prepared in a variety of ways. 
One method is to mechanically combine the moUuscicide with the carrier, both 
^ 20 components in the form of soUds. This mixmg process can range from as simple 
a procedure as physically blending the two soHd materials together to as 
complex a process as blending the two components together with additional 
components and forming a granular material wherein the granular particles 
contain both components. Alternatively, the moUuscicide may be mixed with a 
dispersihle granule forming a surfece coating on the granule. The compositions 
can also be prepared by combining an aqueous dispersion or solution of the 
moUuscicidal agent with a suitable liquid carrier optionally combined with a 
soUd carrier. 

Compositions intended for the control of agricultural pests are typically 
applied by spraying a composition comprising the pesticide using water as a 
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carrier liquid. For this reason, pesticide oompositioiis are generafly supplied to 
the grower in formtilations which are intended to be dissolved or dispersed in 
water. These formulations may be liquid formulations such as aqueous 
solutions or emulaifiablfi concentrates or solid formulations such as wettable 
5 powders or granular formulations. Solid formvdations have many advantages 
over liquid formulations in terms of cost, storage, and packaging, including 
disposal of packaging. 

The composition comprising the molluscicidal agent of the invention 
may therefore also be provided in the form of a concentrate, that can be diluted 
10 just prior to use, e.g. by dilution with water. In another aspect therefore the 
present invention provides a molluscicidal composition concentrate comprising 
a 1 to 10000, preferably about 100 - about 5000 times concentrated 
formulation of the corresponding molluscicidal composition of the invention. 
Generally, such concentrates are less perishable than ttie correspondii^ 
16 diluted composition. 

The molluscicidal composition comprising the molluscicidal agent of the 
invention may be used to treat the locus of the plant or mollusc, Le. the sofl or 
substrate wherein the plant or moUusc resides. Alternatively, plants may be 
treated with a composition comprising the moHuscicidal agent of the invention 
by contacting roots, leaves, stems, fruits or seeds of said plant with the 
composition. Depending on the type of plant and method of cultivation it may 
in some cases be preferred to treat the seeds prior to seeding, thereby 
providing the molluscicidal compound to the seedling. Suitable crops for seed 
treatment are for instance (winter) wheat, (winter) oilseed rape, (winter) 
25 barley, grass and sugar beet when sown director in erosion limiting ground 
covering plants. 

A particular advantage of providing the compound to the seeds is that 
environmental contamination with the compound is limited and the compound 
is presented at the desired location in a specific manner. A seed treatment of a 
molluscidde could be one alternative to bait pellets, and may have many 
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economic and environmental advani^ages. Seed coatings allow better targeting 
of the active ingredient, reduces the amount of active ingredient applied, and a 
separate field-pass for pesticide application is avoided- In addition, unlike slug 
peUete that are broadcast on the soil surface, coated seeds would be drilled 
5 below ground, mahiag the active ingredient less available to wildlife. Thus, the 
cost of slug control to growers and the environment could be reduced. 

Seed treatment may include every type of troatment known to the 
skilled person to improve the quaUty or handling abiUty of the seed and in 
particular to provide the seed with a moUusciadal compound according to the 
10 present invention. In particular, seed coating and seed pelleting are envisaged. 
In seed coating, the seed is coated with a fiOm of the mollusciddal 
compositions comprising the molluscicidal agent of the invention and a 
suitable coating compound. Coating compounds used in a composition of the 
invention for the coating of seeds may comprise film formers Cpolymer binders), 
IS capable of forming a film upon drying, such as water-soluble polymers like 
starch, methylceUulose, gtim Arabic, gelatin or hydroxyethyl cellulose, or 
polysaccharide hydrolysate, such as carboxymethyl ceUulose or carbosymethyl 
starch hydroxylate. The coating composition may further comprise one or more 
of the following coating components: a secondary film former (e.g. sodium 
alginate, sodium carboxymethylcellulose, pectin, gelatin, propylene glycol 
alginate, methylceUulose, polydextrose or polyvinylpyrrolidone), a plastidzer 
(e.g. glycerin, maltitol solution, propylene glycol, polyethylene glycol, diethyl 
citrate, glyceryl triacetate, or any other material of similar plasticiziag ability), 
a surfactant (e.g. soya lecithin, sodium lauryl sulfate, polysorbate 80. or 
25 polyoxyethylene, polyoxypropylene block copolymers or other surfectants as 
described above), a gUdant (e.g. talc, coUoidal silicon dioxide, or stearic acid), a 
suspension aid (e.g. xauthan gum, propylene glycol alginate, or pectin), a 
colorant (e.g. titanium dioxide, iron oxides, natural pigments, or dyes) and a 
carrier as described above. Concentrations of the various compounds are those 
usually applied and are known to the skiUed person. The molluscicidal 
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30 
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compound of the invention may snitabty oonatitute between about 1- about 70 
wt % of a coating composition. Suitably, film fiaming poljmer may const^^ 
between about 80- about 90 wt% of the composition, the remaining coatang 
components generally being present in weight percentages of between 0 to 10 
5 wt%. 

Khn coating requires use of specialized equipment that sprays seeds 
with relatively large volumes of compositions comprising the raoUusdcidal 
compound and polymer binders with simultaneous drying to ensure that seed 
moisture content is unchanged. The seed usually undergoes several cycles of 
spraying and drying, providing the opportunity to apply different compositions 
sequentially. Various fluidized bed systems for fihn coating are known in the 
art. In sprouted bed systems for instance, seeds are coated by a mist of the 
composition as they move through the air stream in a systematic flow pattern. 
In drum coaters, seeds are held in a rotating cylindrical pan with spraying 
units. Dry warmed air is drawn through perforation^ in the drum waU and 
holds the seed in a fluidized state. Stirrer blades gently mix the seeds to 
ensure even coverage from the spray nozzles. Continuous throughput hi^ 
volume mm coating equipment is also available for this purpose. 

The peUeting of seed using compositions of the present invention is also 
envisaged. The purpose of seed pelleting is to build up individual dr groups of 
small, irregulai-ly shaped seeds mto larger, mainly spherical capsules that 
ensure precision planting. Pelleting materials may include inert filler 
materials, such as chalk, peat, sand, or other fillers, such as those selected 
firom the carriers described above, which are bound to the seed with adhesives 
such as calcium sulphate, starch etc. These are applied to seeds in aqueous 
suspensions in rotating mills. Incremental layers are added to the seed until 
the appropriate size and shape is achieved. 

Previous work on seed treatments to control slug damage have focussed 
on protecting seeds as opposed to seedlings, with the most promising chenucals 
being metaldehyde, methiocarb and the non-lethal invertebrate feeding 
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deterrents c inn ama mid e and S^S^Iimethoaycimiamic acid (DMCA). However, 
slugs do generally not feed on seeds, instead causing most damage to newly 
emerged seedlings. It was demonstrated previously that coatixi^ seeds with 
moUuscicides.jpfrotects not only the seed, but also the emerged seedling. 
5 Therefore, in a preferred embodiment of a method of the present inveuition a 
seed is treated with the moILuscicidal composition. 

The compositions of the present invention can be applied to seeds by any 
standard seed treatment methodology, including but not limited to mixing in a 
container (e.g., a bottle or bag), mechamcal application, tumbling, spraying, 

10 and immersion. Any conventional active or inert material can be used for 
contacting seeds with pesticides according to the present invention, such as 
conventional film-coating materials including but not limited to water-based 
fOm coating materials such as Sepiret (Seppic, Inc., Fairfield, N.J-) and 
G^acoat (Berwind Pharm. Services, Westpoint, Pa.). 

15 Seed-treatment is not always possible, e.g. in the case of perennials. In 

such instances whole plant treatment is provided. Suitable plants for whole 
plant treatment are, £ot instance, Brussels sprout, strawberry, potted plants 
(for instance Cymbidium, Alstroemeria, HoBta, etc.), citrus and rice. 

MoUuscicidal compositions comprising the moUuscicidal agent of the 

20 invention can be delivered using known methods and materials. For example, 
the compositions of the invention can be dehvered in the form of liquids, 
powders, or solids depending on the desired route of administxation and factors 
such as soil type, climate, plant species, among other considerations. The 
dilution and rate of appUcation using these methods generally depends upon 

26 the type of equipment employed, the method and frequency of application 
desired, the pests to be controlled, and the plant parts which are subject to 



The compositions of the present invention may for instance be applied to 
plant foUage ad aqueous sprays by methods commonly employed, such ; 



as 
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conventional hand-lield (low-Utre) spray bottles, high-litre hydraulic or 
pressurized sprayers, aix'blast, and aerial sprays. 

Powders can be delivered by hand or by dispensers that axe pushed or 
towed. Solid fiaxmulationa can be delivered by ha»d or by machine. 
6 As described above, the liquid, solid, or powdery composition comprising 

the moUuscicidal agent of the invention can contain additional ingredients or 
exdpients euch as inert earners or dilution agents. Also other pesticides, such 
as herbicides, fungicides and/or even other molluscicides may be included in 
the compositions of the invention. Statable fungicides would include such 

10 compounds as benzo[|3]thiophenecarboxyKc cyclohexylamide S,S-dio3dde. ^ 
dichlofluanid, fluorfolpet, 3-iodo-2-propinylbutyl carbamate, tolylfluanid and 
azoles such as azaconazole, cyprocoaazole, epoxiconazole, hexaconazole, 
metconajolo, propiconazole and tebuconazole. Suitable other molluscicides 
would include such compounds as fentin acetate, metaldehyde, methiocarb, 

15 niclosamide, thiodicarb and trimethacarb. A particular advantage of the 
compound of the present invention is however, that it is also efiective as a 
fungicide and insecticide itself and it is therefore not necessary to formulate it 
in combination with other insecticides or fungicides in order to achieve that 
particular goaL 

20 It may be desirable to include additional excipients in the composition or ^ 

add these exdpients in the spray tank. Such excipients include suifeotants. 
dispersants, spreaders, stickers, antifoam agents, emulsifiers, and other 
snnilar materials as known in the art. for instance as described in 
McCutcheon's "Emulsifiers and Detergents" and McCutcheon's "Functional 

25 Materials", published annually by McCutcheon Division of MC Publishing 
Company, Glen Rock, New Jersey, 11.8 JL 

The compositions of the present invention can also be mixed with 
fertihzers or fertilizing materials before their appHcation. In one type of soUd 
fertiliadng composition, particles of a fertilizer or fertilizing inetedienta, euch 

80 as ammonium sulphate, ammonium nitrate, or ammonium phosphate, can be 
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coated with one or more of the compositions. The compositians and solid 
fertilizmg material can also be adbmxed ia mixing or blending equipment, or 
they can be incorporated with fertilizers in granular formulations- Any relative 
proportion of fertilizer can be used which is suitable for the crops and weeds to 
5 be treated. The compositions of the invention will oonunonly comprise from 5% 
to 50% of the fertilizing composition. These oompo^tions provide fertilizing 
materials which promote the rapid growth of desired plants, and at Hib same 
time control molluscs. 

The qptunal combination of ingredients can be selected to provide the 

10 highest moUuscicidal eflBLcacgr of the composition comprising the moUusdcidal 
agent pf the invention or to attain suGGlcient moUuscicidal efficacy wile 
preventing undesired side effects of the treatment. EfiBcaqy may be determined 
by any method known to the skilled person, for instance by using the methods 
as described in the Examples below. 

15 The following Examples describe preferred embodiments of the 

invention. Other embodinients within the scope of the daims herein will be 
apparent to one skilled in the art from consideration of the specification or 
practice of the invention as disclosed herein. It is intended that the 
specification, together with the examples, be considered exemplary oxxl^, with 

20 the scope and spirit of the invention being indicated by the claims which follow 
the examples. In the examples all percentages are given on a weight basis 
unless otherwise indicated. 
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EXAMPLES 

Exan^ple 1 
ExDerimental set-up 

Winter wheat (Kampa race; thousand grain weight of 51 grams) was 
used in an experiment to test the efficacy of the compositions of the present 
inventions in relation to known moUuscicidal compounds. The seeds were 
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dismfected for soil and germ moulds with 2 ml of Beret Gold (compxisixig 25 g/l 
of the fungicide fLudioxonil) per kg of seed. 

Table 1 shows the various compounds tested and dosages \ised for the 
control of slugs. Sepiret® was added to aU diy disinfecfions, and is the coating 
6 that was added to all agents of which the formulation was not suitable for 
coating. 

Table 2 provides an overview of the amounts of diluent water and 
Sepiret® used for treating the wheat seeds. Table 2 fixrther provides the 
quality of the coating and the percentages of germinating seeds in a seed 
10 germination test. In this test, the percentage of germination of 3 x 60 seeds, 
rolled in paper, was determined after 6 days at 22''C (continuously) and a 16 
hours light regime. 



Tabic I. Comnoiindfi and dosaecs tiscd for the control of shigs in wintet- wheat. 


lest Active compounci 
No. 


Trade marK or 
formutation 


Dosage per kg seed Manufacturorf 
Formulated (hil) - Active <ximD. (al Sunnner 


insecttctaQS ' — ' ' ' — — — . 


azaoiracnanQ 
BB QZddliachane 
HH abamectlne 
II abamectlne 
JJ <filaTneihQxam 
KK thiamethoxam 
LL (hfamelhoxam 
MM thiamethoxam 


M01 
M01 

Trigard75WP 
TrigarxI7SWP 
Cruiser FS 350 
Cruiser FS 350 
Cnifsor FS 350 
Cruiser FS 350 


2 
10 

z 

10 
2 
4 

8 
23 


2 
10 

7J5 
OJ 
1.4 

2.8 
8.0 


Plant Support 

Plant Support 

Syngenta 

Syngenta 

Syi^enta 

Syngenta 

Syngenta 

Svitosita 


luoiiuscicides — ' — ' " — 


u memiocarD 

V tngthfacarb 
W fnotMocarb 

X drmainaUletiyvre 

Y cfnimmaklehyde 
z dnnamaldehyde 

NN 3.&<!im6fiioxyc{nnamlc add 
OO 3.5-dim8thoxydnnamic add 
PP 3,5-cfIrnefhoxydnnamlc add 
QQ metaldehydc 
RR metaldehyde 
SS metaldchydo 
TT metaldehvde 


Mesurol 500 F3 
^4e8u^o! 500 FS 
Mesufxd 500 FS 
CInnacure (30%) 
Ctnnacure (30%) 
dnnacure (30%) 

99% 

99% 

99% 

40% 

40% 

40% 

40% 


2 

4 

6 

2 

4 
10 

2 

4 
.6 

3,8 

7.6 
11 
15 


1 
2 
4 

0.6 

3 
2 
4 
B 

1.5 
8 

4.G 
6 


Bayer 
Bayer 
Bayer 

GeitlsEuiope 

CeifisHuit^ie 

CeftisSurDpe 

Ahindi 

Aldrtoh 

Aidridt 

Luxan 


UU imldadoprld 
W Imldadoprid 
WW Wdadoprid 
XX ImtdadoDrid 

Test Compound 


Gauctio7ows 
Gaucho 70 WS 

Gaucho 70 WS 
Gaucho 70 WS 


2 
4 
8 
12 


iA 

2.8 
5;6 
8.1 


Bayer 
Bayer 
Bayer 
Bayer 


K Ihiadoprid 
L (hfadoprW 
Controls 


caiy{>so 460 sc 
Ca1yoso430$0 


2 
10 


1 

4JS 


Bayer 

Baver 


GG untreated 
G 




0 


0 




HHH untreated + Sepiret 




0 


0 





Seplra«3>8eed fdm coaling (Seppic. Inc., Fatrfieltf. NJ.) 
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^ble 2> Additional data and ^erminAtion ueroettta^s fdg the presejoit Example. 

Test Componbd Doc. ml Sepirct Wate r QtuOity of coating* 
- fe) (mP Bad Moderate Good 



No. 



AA 
BB 
HH 
H 

KK 

MM 



InsocGctdes 



azadiTBGhtine 

abamecSne 

abamecQne 

thlamolJTOxam 

thiametttoxam 

thiarnethoxam 



MoElugGicldes 



Te^t Compound 



thfadaprld 
thiadopild 



QQQ 
JB 
* 



Controls 
Untreated 



HHH Untreatod-t-Sepiret 



Percentage 
germinated 



10 

2 
XO 
Z 
4 
8 
28 



0 
O 
0 
0 
O 
0 
0 
0 



6 
0 

6 
3.6 
10 
6 
2 
0 



z 

X. 

X 
X 
X 
X 



U ma(iilocart> 

V mcthtocaiii ^ 
W mothlocarb & 
X dnnamafdehydo 2 

Y dnnamaldehydQ 4 
Z cinnatnafdohyde 

NN cfimetha)^cinnarTitc acid 2 

00 dimelhoxycfnnamfc add 4 

PP dimethoxydnnamicadd 8 

QQ metaldeliyde 3.6 

RR metaldehyde 7.6 

68 metaldehyde n 

TT Dietaldehyde X5 

XJU lin{dadoprid 2 

W ifrtdadoprid 4 

WW imldacloprid g 

. XX tmldacloprid _^ xz 



0 
0 
0 
0 
0 
0 
2 
4 
6 
2 
4 
6 
10 
0 
0 
0 
0 



8 
4 
2 
8 
2 
0 
8 
8 

12 
8 

10 
0 
0 
8 
6 
6 
0 



2 



0 
0 



6 
0 



0 
0 



aeeda vt^xe visnaUy inspected 6 days afiar co&fchig 



0 

5 



X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 

X 

X 



z 

X 



X 
X 



90 
69 
47 

88 
78 
61 

73 



61 

68 

27 

25 

0 

0 

76 

70 

88 

66 

31 

48 

8 

78 

89 

71 

77 



73 



90 
90 



10 



15 



The seeds were 8own in earthenware pots with an internal diameter of 
20 cm and a height of 18 cm, fiUed with 7 cm of potting soil (Trio BV, Weesp, 
The Netherlands) and with a top 2 cm of white quartz sand, A total of 40 seeds 
was placed in each pot, in a pattern of concentric circles on top of the quartz 
sand, the germ facing upwards. To each pot a total of 5 adult specimens of the 
test slug Deroceraa reticulatum (grey field slug) were added. The pots were 
incubated at ±15"C with a relative humidity of db 90% and Hght regime of ± 12 
hours light/12 hours dark, without artificial hghting. The pots were not 
irrigated overhead. In total, 4 parallel tests were performed for each test. 

Following the addition of the slugs, the number of damaged seeds was 
counted after 2, 3, 7, 10 and 14 days. The munber of plants present 
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(germinated and not eaten or damaged by the slugs) was determined 3, 7, 10 
and 14 days after the start of the test. After 14 days the number of utiJizable 
plants was also determined, Le. the plants that despite some damage vrovHd 
eschibit a normal devel<^ment. The number of dead slugs was counted 2, 3, 7, 
10 and 14 days after the start of the test (but not removed). Finally, on days 3, 
7, 10 and 14 after the start of the test, the number fecal pellets was counted. 

The data were statistically analysed by using F-teets (a = 0.05) and paix- 
wise Student-tests. Results axe displayed in Tables 3-6 below. 



10 



Obf. Compouwd 



AA 
BB 
HH 

n 

jj 

EK 
LL 
IVJM 



U 
V 
W 
X 
Y 
Z 

iw 
oo 
pp 

QQ 
RK 

ss 

TT 

UU 

W 

WW 

XX 



K 
L 



GGQ 
BHH 



Insecticides 



azacOrachtine 

^adirachflnQ 

abamacflne 

abamBcUne 

Chlamethoxam 

thiamethoxam 

thiameOioxam 

ttiianiettioxam 



lyionusctcicles 



2 

10 

2 
10 
2 
4 

e 

23 



nriBttilocsrt) 
meihiOcarti 
me^tocafb 
dnnama!()ehyde 
dnnamaldlehyde 
dnnamatdehyde 
dlme0io)Q^ornnamlc add 
dimettiojydnnamlc add 
dlmethoxydnnamic add 
metiitdeliyde 
meialdehydc 
met;Aldohyde 
metaldobyde 
uTUaaciopnd 
imidadoprld 
imtdacSoprtd 

im}dadopf?d 

Test Compound 



2 
4 
6 
2 
4 
10 
2 
4 
6 

3.6 

7,5 
11 
15 

2 

4 

8 
12 



thiadopn'd 
thiadoprld 



2 
10 



Controls 



TJnti^ated 
Untrd -f Sepiret 



0 
0 



l^Ca = 0.05> 
F-prob. 



5.8 
4,0 
3.8 
1.5 
5.0 

i.e 

2.0 
0.5 



2.0 

i,e 

2.0 

3.3 

4.0 

6.0 

4.3 

1.8 

€ 

O 

0 

0.3 
2.8 
1.0 
13 
0.0 



1.3 
0^ 



20.8 
13.0 
14.3 

3.3 
1B.0 
15.5 
10.3 

6.5 



5.3 
3.3 
2.6 
&6 
0.5 
7^ 
17.5 
17.3 
13.0 
0.3 
0 
0 
0 
10.3 
7.3 
4.5 
43 



_7_dQyfl 



XO days 14 daya 



1.S 



37.0 
30,6 
353 
21.0 
37.3 
37.0 
29.6 
29.6 



^ 193 
103 
4.5 
243 
263 
10.3 
393 
313 
30.3 
2.6 
33 
1.0 
0.8 
333 
3^^ 
23.6 
113 



"73" 
33 



43 
2.0 



183 

93 



2.9 



393 
263 



11.1 



3.2 
< 0,001 



6.6 
< 0.001 



25.4 



12.7 
< 0.001 



Bold-fhced type - signiflcanfcly diffeieht from untreated seed (Ttest No. GG^ 



37.0 
32.5 
353 
233 
39.0 
36.5 
30.8 
30.O 



173 
4.B 
33 
24.6 
27.0 
103 
303 
32.0 
313 
13 
23 
0.3 
0 
33.5 
31.5 
233 
73 



53 
33 



313 

26.8 



2a2 



12.5 
< 0301 



38.0 
34.5 
37.0 
243 
36.8 
39.0 
3a8 
313 



17.B 
53 
33 
2S.6 
29.0 
143 
393 
343 
333 
2.8 
23 
0.3 
0 
343 
323 
233 
63 



5.3 
33 



39.5 
28.0 



263 



12.0 
< 0.001 



95 
86 
93 
61 

97 

98. 
84 
79 



44 
13 
8 
64 
73 
37 
99 
87 
64 
7 
6 
1 
0 
86 
61 
59 
22 



13 
6 



99 
70 
87 



30 
O.001 
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T^hU 4. Btean ninttber of plants preaetit: per pot pn 4 dates, days after eovin^ md number of utm^^ble 
pfajata after 14 davs. 



Ol^-- Comticmnd PosTnoI 8 days 7 days lOdsyG 14d^yB UtiUnb 

irtsecticidea " - - — 

^sSS ^ ^ ^ 

KK 4 6.0 0.3 0 0 0 

id# miameuioxam g B.5 5.3 6 6 6 6 3.8 

^ "S^l ^ ^'^ 6^ 

"U mrfhfocarb 2 io5 iSS iSS 5i3 tsS" 

V mellilocarb 4 7.8 22Ja 30.3 20.0 iM 
W "J«*'^<«»rt3 0 4,3 35UI 334> 34A 33i) 
X cfnnamaldehyde 2 3.3 5.0 6.6 6A 6A 

Y dnnamatdehyde 4 3.O 1.3 1.8 OA OS 
Z danamaWehyde 10 5.O OA 0.5 OA OS 
NN dimethoxydnnatnic add 2 3.S 0 0 0 0 
00 dimethoxydnnanilcadd 4 9A • 1A 2.0 2.0 1^ 



PF dhnethoxydnnanilcadd 6 1.5 10 15 15 10 

QQ ;negdehyde 3A 9.3 34A 33!o • 34]o 32A 

S4A 
SRA 
34.5 



RR metaldehycte 7.5 3.5 34A 35A 35A 

SS metaWehydo 11 9 A 34A 35A 36 a 

TT meteWehyde 15 6A 35.0 35A S6A 



UU iirtdadojAld 2 3.8 2A 4,6 33 2A 
W imidadoprid 4 Z3 1A 4.0 3A 06 
WW bnWadoprid 6 13A 9A 9A 10A 73 
-M ^da^oprtd 12 lOA gA 20 14.3 

Test Compounds " 



K ^ 2 6A 27A 253 S3 zKs 

I* thtadoptid 10 10.5 32A 34.0 a4A 

! controls 

OOQ tJatrflated 5 lA 0 OA OA TTT 

Untrd^Sepiret 0 lOA 18A UA JLiA lO-'s 



5A OA 



■ rah. , ir;:^^ ~ ^ ^'-^ SA M OA 

LSD (a= 0.05) iO iTt ITt liT 

^"P,^"' :3— 0.111 < 0.001 < 0.001 <OA01 <O.OPl 

iiOl4-moea typo = signtficanfcly different flcom untreated seed (Test No. GGO) 



.Table 5. Mean nnmber of dead slugs per Pot on 6 dates, days after sowing. 

Obj. Compoimd l>os. ml 2 daye 3 days 7 days lodaye W 

msecUddes ~ SS2S_ 



AA azadirachline 2~ 
BB a^adfradiGne 10 
BH abamocGne 2 



0.3 0.3 0,3 OA OA 

0 0 0 OA OA 

II abamodine w 2 5 ?a ? ! ?1 

.T.T rtil9.T>»lh»«^aM - "'^ *-8 1.3 lA 



JJ thtaiTiBtiiQKam 2 
KK fNameQioxam 4 
LL thlamelhoxam g 



0 0 0 0 0 

0 0 0 OA 0.5 

^00 0 0.8 



MM qUamethoxam 23 o p.a 03 08 A 

Mouusddd^ — ~ — — 



^ niotfitocam ' o jr? ttt. ^ — — 

V tnatWocarb 4 § o 2'a S"^ 

X dnnamaWetiyde 2 - - 



Y dnnamaWehyde 4 q 



? L8 lA lA 



% dnnamaldehyde 10 



9 0.8 OA 0.8 



0 1-3 LS lA 



JMN dtfnethoxydnnamicadd 2 o n -w-*- 

00 dimdho^yclnnamioadd 4 0 f%x A ®^ 



PP dimethoxycftmanifcacU b 
QQ metaldehyde 3.8 



0 0 0 0 0 

^ 0 0 0 OA 
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RR metaldohyde 
SS metiadehyde 
TT metaldehyde 
VU imidacloprid 
W imidacCoprid 
WW imidacfopiid 
XX Mdadopfld 

Test Compounds 


7.5 
11 
16 

2 

4 

8 
18 


0 
0 
0 
0 
0 
0 
0 


0 
0 

0.3 
0 

0.3 
0 

1.6 


0.8 
0.6 
0.8 
0 

0.8 
0 

1.6 


1.0 
0.6 
0.8 
0.3 
0.8 
0.3 
1.5 


1.5 
1.0 
1.0 
0.5 
0.3 
0.6 
1.6 


K thtactoprid 
L fhlac^oprid 


2 
10 


0 
0 


0.3 
0 


0.6 
0 


0.6 

0.3 


0.8 
n ft 


«;ontnois ■ 


HHH Utttcd + Seoiret 


0 
0 


0 

0.3 


0 


0 

2,0 


0,3 
8.0 


0.5 
2.0 


Mean 




0.1 


0.3 


0.6 


0.6 


0.8 


LBD(a&0.05) 
F-Diob. 




0-6 
0.584 


1.2 
0.495 


1.5 
0.174 


L6 
09t41 


1.7 


i»oia<«aoea type = aignificimUjr different from untreated oeed. CTest No. GOG) 



Table a Mean numb er fecfJ ocllets per pot on 4 dates, days after so wing . 
J2feL Compound l>oe.tnl 8dayfl 7 daW 



14 daya 



insecucidos 



AA azadrrachUne 

BB azadtradiUne 

HH abamecfine 

n abamedSne 

JJ tWamelhoxam 

KK thlamethoxam 

U, thiamoihojcam 

MM. ttdainethoxam, 

^ _ IftollusclcldBT' 



2 
10 
2 
10 
2 
4 
6 
23 



82 
43 
15 
42 
30 
33 
20 



106 
93 

119 
89 

107 

116 
66 
91 



189 
180 
183 
106 

168 
126 
lOS 
122 



168 
188 
140 
114 
144 
183 
112 
181 



V melhiocarb 

V inethtocarb 
W itiBthlocaib 

X cinnamaldehyde 

V dnnamafdoliyde 
Z cinnamaldehyde 

dlmethoxydnnamic add 

OO dlmelhoxycinrvamlc acid 

pp cllmathoxydnnamic add 

QQ metaldehyde 

RE metaldehyde 

SS metaldehyde 

TT mel:a]dehydc 

XXV tmldadopild 

W imidaolopiid 

WW Imidacioprid 

■ XX^ tmicfadQpttd 



JT^ Compounds 
thiadoprtd 

iniaciopnq 

ContTPls" ' 



2 

4 

8 

2 
. 4 
10 

2 

4 

8 

3.8 

7.6 
11 
16 

2 

4 

8 

12 



18 
16 
6 
47 
46 
54 
66 
46 
60 
1 
2 
2 
1 
83 
21 
11 
9 



* 43 
34 
23 
71 
lU 
68 
115 
120 
106 
4 
4 
2 
8 
118 
108 
48 
26 



47 
36 
27 
80 
162 
77 
183 
138 
160 
6 
4 
1 
4 
109 
118 
65 
86 



60 
86 
27 
95 
160 
98 
141 
168 
158 
31 
6 
3 
6 

116 
126 
76 
88 



L 



2 
10 



14 
6 



23 
8 



17 
7 



ai 

9 



GGG Untreated 
HHH Untrd 4- Sepiret 
Mean 



64 
40 



164 

82 



124 

108 



126 
116 



LSD (a = 0,05) 
F-prob. 



86 



32 

< 0.001 



81 



61 
< 0.001 



96 



60 

< 0.001 



103 



65 
<0.001 



Bold-Caced type = signiHcantly OifiTereiit firom untreated seed CTest No, GGG) 

Seed damctffe 

Seed treatment with a commercial insecticide compositioii comprisinir 
abamectme (Trigard®) only resulted in significantly less damaged seeds than 
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the coxxtrol when dosed as 10 ml/kg, after 3, 7 and 14 days. The dosage of 10 
ml/kg seed showed less damaged seeds after 3 and 14 days than the dosage of 
2 ml/kg. 

Application of a commercial slug feeding deteirent composition 
5 comprising dnnain aldehyde (Cianactire®) restated in all dosages in 

significantly less damaged seeds after 3 and 7 dajre than the untreated seed 
(see Table 3)* In the dosage of 2 ml/kg and 10 ml/kg this was also the case after 
14 days. Additionally, treatment with 10 ml/kg gave after 7 and 10 dajrs a 
controlling effect. 

10 Application of 2, 4 and 8 ml of a commercial moUuscicidal composition 

• comprising methiocarb (Mesnrol®) per kg of seed gave significantly less 
damaged seeds i&rom day 3 after sowing than the luitreated pots« Treatment 
with 8 ml/kg resulted after 10 days after sowing in less damage than 2 miykg* 
The 4 ml/kg dosage gave this response after 14 days. 

16 Apphcation of 3.8, 7.5, 11 or 16 ml of a moUuscicidal composition 

comprising metaidehyde per kg of seed resulted witibi all dosages applied in 
significantly less damaged seeds than in the control situation; the number of 
damaged seeds was the lowest of all treatments tested. A dose-respons was not 
encountered. 

20 Treatment with 12 ml of a commercial imidacloprid composition 

(Ga.ucho®) per kg of seed resulted at each observation in significantly less 
damaged seeds than in the untreated pots. Treatment with 8 ml/kg gave a 
sigxiificant controlling effect after 3, 7 and 14 days, ie. the nxunber of damaged 
seeds was significantly lower compared to untreated seed (Table 3). 

25 The dosage of 2 ml/kg gave no controlling effect and the dosage of 4 

ml/kg gave a controlling effect only after 2 and 3 days. The imidacloprid 
composition in the dosage of 12 ml/kg seed gave a lower number of damaged 
seeds than the dosage of 8 ml/kg after 10 and 14 days. 

Application of 2 or 10 ml of a commercial thiadoprid composition 

30 (Calypso®) per kg of seed resulted at each observation (afl^er 2 days only 10 ml) 
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in less damaged seeds than the untxeated control seed. Both dosages gave 
equally low numbers of damaged seeds. The number of damaged seeds was 
also much lower than that of the imidacloprid treated seeds, even at the lowest 
dose. 

5 The untreated seed with Sepiret-coating resulted 8 and 7 days afber the 

start of the experiment in less damaged seeds than the untreated control seed 
without coating. On other dates no difiEbrences were found. 

.^plication of azadirachtine, thiamethoxam, dimethoxycinnamic acid 
did not result in significant differences in the number of damaged seeds. 



20 



Plants present 

Application of 2, 4 or 8 ml per kg of seed of a commercial mollusdcidal 
composition comprising methiocarb (Mesurol®) restated in significantly more 
plants present after 3 (only 2 ml), 7, 10 and 14 days after the start of the 
16 experiment than the untreated pots (see Table 4). Treatment with 8 mWkg 

gave, relative to 2 ml/kg, after 7, 10, and 14 days more plants present and after 
14 days more utiUzable plants. 

Seed treatment with a mollusdcidal composition comprising 
metaldehyde resulted after 7 days in significantly more plants present at all 
dosages and significantly niore utilizable plants than untreated. A dose- 
respons was not encountered. 

Application of both 2 and 10 ml per kg of seed of a commercial 
thiacloprid composition (Calypso®) resulted afi»r 7 days in significantly more 
plants present and utilizable plants than the untreated seed. There was no 
difference in the number of plants between the two dosages. 

Treatment with 12 ml/kg imidadoprid resulted at each observation in 
significantly more plants present than the untreated seed. 7 days after sowing, 
this was higher than appUcation of 2 or 4 ml/kg. Treatment with 8 ml 
imidadoprid per kg of seed gave only after 3 days significantly more plants 
present than the untreated seed. After 14 days 12 ml of imidadoprid per kg of 
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fieed g^ve more utilizaWe plants in comparison to th^ 
was a dosage e£Cect relathre to the 2 and 4 lEJJkg dosages. Here, again* 
treatment with thiadoprid gave much better results than imidacloprid, even at 
low dose, 

5 The remaining seed treatments did not result in any differences in the 

nxunber of plants present or the number of utilizable plants relative to the 
untreated seed. 

Dead sltLg^ and fecal pellets 
^ ^® Seed treatment with 2 orlO ml of a commercial slug feeding deterrent 

composition comprising cinnamaldehyde (Cinnacm^e®) per kg of seed resulted 
3 days after the start of the experiment in significantly more dead slugs 
relative to the untreated seed (see Table 5) and also relative to the seed 
treatment with 4 ml of the same commercial slug feeding deterrent 
15 composition per kg seed. 

Treatment with 12 ml/kg of the ixnidacloprid composition resulted 3 and 
7 days after the start of the experiment in significantly more dead slugs than 
the untreated seed. 

Treatment with both the dosages of the thiadoprid composition resulted 
20 at all days observed in a large and significant reduction in the number of fecal 
pellets (see Table 6) encountered in the pots. 

The remaining treatanents gave no significantly different number of 
dead slugs in comparison to the untreated seed. 

So the seed treatment with thiadoprid, methiocarb or metaldehyde 
25 resulted at each dosage and at each observation in significantly less fecal 
pellets, produced by the slugs, than the untreated seed (Table 6). 

AppUcation of 12 ml per kg of seed of the imidadoprid composition also 
resulted with each observation in significantly less fecal pellets than the 
untreated seed. The remaining treatments gave no significant reduction in 
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fecal pellets or only in the first 7 days. Prom this also foUows that thiacloprid 
achieves a much better result than imidacloprid, even at low dose. 

Concluaion. 

5 - Azadirachtine,abamecfcine or thiamethoxam treatment provides 

no sufficient protection to the plants. Although several effect were observed 
such as less damage to seeds and less fecal pellets these insecticides provided 
no sluf controlling or plant protectuog effect. 

3,5.Dimethoxycinnamic acid 99%, a known slug feeding deterrent 
10 provides no slug controlling effect in the present ejcperimental setup. 

Cinnamaldehyde, another known slug feeding deterrent provides 
no protection to the plant. The compound has an effect on slugs, but is at the 
same time pbytotoxic. So although treatment produced significantly less 
damaged seeds in many cases, the number of plants present and the number of 
utilizable plants was practically the same as that of the untreated seed and 
although the seed is httle damaged, no plants develop. 

Methiocarb a known molluscicide provides good protection to both 
seeds and plants in this experiment although the treatment has Htfle effect on 
the slug population. 

Metaldehyde a known molluscicide provides excellent protection 
against slugs. This compound results in less fecal peUets and lees damaged 
seeds, more plants present and more utilizable plants. It was observed that 
there was also more mucus excretion visible on the soil in comparison to pots 
with untreated seeds. 

Imidacloprid is a good slug controlling agent at a dosage of 12 ml 
per kg of seed. This dose resulted in less fecal peUets and in less damaged 
seeds, in a higher number of plants present and in a higher number of 
utilizable plants remaining after 14 days than in the control experiments. 

Thiacloprid provides a good protection of the wheat against slugs, 
already at a low dose of 2 ml. Two weeks after the start of the experiment the 
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treatment resulted in less fecal pellets, less damaged seeds, a higher number 
of plants present and a higher number ofutilizable plants remaining than in 
the control experiments. In all these categories thiadoprid scored surprisingly 
better than the related compound imidacloprid. The number of dead slugs was 
however no less compared to the untreated seeds. 

The above results indicate, that, considering the low taxkaty 
combined with the effectiveness, and with the antifungal efiEects as bonus, 
thiacloprid would be the compound of choice for treating infestation by slugs 
and snails. 

Example 2 
Bsgyerim entcd set-up 

Based on the results of the escperiment described in Example 1, a 
selection was made from the various test nxmibers of that experiment for re- 
testing, partly to conJBrm the conclusions of tha:t experiment and to test the 
unexpected outcome of some test compounds. 

The selection of test numbers (Test No.) used in the present experiment 
relative to those of the experiment described in Example 1 is shown in Table 7. 

Table 7 Corop<mnd9 and aosngos used for aaad jreatm a mAaaed ftlmf control in winter wha at. 

fowanUtion Geformulatcd Ae«v«e«]BD(p. p1i«c 



abamectine 



Twgaxti 75 WP 



10 



7.6 



U 
V 
X 
Y 
Z 

QQ 

WW 

X3C 



h/lolluscicides 



Oyngenta Qeop 



metfaioearb 
ciniiamaldehydG 
cumamaldehyxle 
dnnamatdebyde 
inetaldehyde 
iniiflacioprid 
Jmidaclqprid 



T^st CompoufTd 
thriadopiid 



Mosurol 600 FS 
Mesurol 500 FS 
CinnacuxB 
CinnacuFe 
CixmacuiTG 

4096 
Gaucho 70 WS 
Qattcho 70 WS 



2 

4 

2 

4 
XO 

8.8 

8 
12 



1 

2 
0,6 
1.2 

3 

1.6 
6.6 
8,1 



Banner 
Bayer 

Certia Europe 
Certia Enyope 
Certia Europe 
Luzan 
Bayer 
Bayer 



bontrolG 



_Galyp90 480 SO 



GGG imfcroated 
HHH imtreafeed Sepiiqfc 



Bayer_ 



0 
0 



The aaxae seeds as described in Example 1 were sown in earthenware 

with an internal diameter of 20 cm and a height of 18 cm, fiUed with 7 cm 



P0t6 



.29/03/2886 16:87 8031704166799 



VEREENI6DE 



PAG. 33/52 



WO 2005/029961 PCT/NL2004/000673 

30 

of pottdng soil (Trio BV, Weesp, The Netherlands) and with a top 2 cm of white 
quartz sand. A total of 40 winter wheat seeds was placed in each pot, in a 
pattern of concentric circles on top of the quartz sand, the germ of the seed 
facing upwards. To eacdbi pot a total of 5 adult specimens of the test slug 
5 Deroceras reticulatum (grey field slug) were added. The pots were incuhated at 
18-19*"C with a relative hundditsr of ± 95% and light regime of ± 18 hours light / 
6 hours dark, without artificial lighting. The pots were not irrigated overhead. 
In total, 4 parallel tests were performed for each test. 

The number of damaged seeds was, the number of plants present 
10 (germinated and not eaten or damaged by the slugs), the number of dead slugs ^ 
and of the number of fecal pellets were determined after 2, 3 and 7 days 
following the addition of the slugs. After 7 days the ntmiber of utiHzable plants 
was also determined, i.e, the plants that despite some damage woidd exhibit a 
normal development. 

15 The data were statistically analysed by using F-tests (a = 0.05) and pair- 

wise Student-tests. Results are displayed in Tables 8-11 below. 
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Results 

Two days after the start of the experiment the seed treatments with 
abamectine, methiocarb, cinnamaldehyde, metaldehyde and thiadoprid and 
imidacloprid resulted all in a significant reduction in the nxunber of damaged 
seeds relative to the untreated seed (see Table 8). 



Tabic a Mean number of damflged seeds per pot on 8 dates, days nftor sowing, and percent^ of 
^O damaged scedg aft^r 7 days. r 



Tost 
No, 



Compound 



Dosage 



2 days 



8 days 



7 daytt 



Percentage 



InsectfCicfes 



n 



abamoctiria 
MoHuscicldes 



10 



g-8 



6.0 



12J5 



at 



U 
V 
X. 
T 

z 

QQ 

WW 



methiocarb 

methiocarb 

cinnamaldeKyde 

CMinnniflTrtebyde 

ctnnanxatdeh3rde 

metaldehyde 

imidacloprid 

imidacloprid 



2 

4 

2 

4 
10 

3.8 

fi 
12 



2.6 
1.8 
&6 
6.0 
6.0 
0.fi 
4.8 
1.8 



4.8 
2.0 
16.0 
-8.8 

ia6 
aa 
ao 



S.6 
25.0 

i4.a 

16.6 
0.3 

9.0 

A A 



14 
9 

63 
36 
39 
1 
23 
1ft 
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Jfciadoprid 



Controls 



4.6 



6,8 



14 



GGQ 
HHH 



Untreated 
Untrd+Sepir. 



0 
0 



15.6 
14.0 



28.5 
28.0 



dL3 
80.8 



78 
76 



10 



Maan 



LSD <a= 0.05} 



6.9 



11.8 



15.2 



5.4 
^0.001 



6.6 
< 0.001 



7.7 
< 0,001 



19 

< 0.001 



Bol4-&ccd type = significantlsr difilaxent ftom untreated seed (Test No. OQG) 

Application of methiocaxb, metaldehyde, thiacloprid and imidaclopiid 
resulted after 2, 3 en 7 days in significantly more plants pxesent than the 
untreated seed (see Table 9). Also the number utilizable plants was higher. 

Treatment with cinnamaldehyde or abamectijae gave no s^;m£lcantly 
different resuLta in the number of plants present. 

Treatment with the moUuecicidee methiocarb and metaldehyde resulted 
in more plants present and in more utilizable plants at the end of the 
experiment. The same was observed for the thiacloprid and imidadoprid 
treatments (see Table 9). 



Table Mean niunbcr of plants present per pot on S dates, days after sovirins and xuunber of utiOUbsablc 


nlanta after 7 davs. 












Test Compound 


Do8ai«e 


Sdaya 


8 days 


7 days 


Utilizable 


No. 


<ttd) 






Insecticides 


n abamectine 


10 


0.3 


1.8 


4JR 


2.0 


Moiluscicidos 


U methiocarb 


2 


9.0 


22.6 


34.0 


86.8 


V mcttuocarb 


4 


Z8.S 


38.8 


84w6 


82.6 


X cinnamaldehyde 


2 


0 


0 


0 


0 


Y cinnamaldehyde 


4 


0 


0 


0 


0 


Z cinnamaldehyde 


10 


0 


0 


0 


0 


QQ metaldehyde 


3^ 


20.8 


82.6 


86.8 


84.3 


WW imidadoprid 


8 


7.8 


18.8 


18.8 


13.6 


XX imidadoprid 


12 


16.0 




2&8 


22.8 


Tost Compound 


K thiaclonrid 


2 


12.G 


24.0 


29.6 


23.fi 


Controls 


GOO Untceated 


0 


1.5 


L6 


1.0 


0.6 


HHH Untzd-I-Senir. 


0 


1.8 


8.8 


4.8 


2.3 


Mean 




7.3 


J12.4 


16.0 


X1.6 


LSD (a=: 0.05) 




6.1 


7.9 


6.7 


87 


. F-fntob. 




< 0.001 


< 0-001 


< 0.001 


< 0.001 


Bold-fi&ced type = slgnifioantly different &om untreated seed CTost No. QOa) 



16 



20 



More dead slugs were observed during the course of the experiment onty 
with the molluscicides methiocarb and metaldehyde. The remaixiing ' 
compounds had no effect on the number of dead slugs observed (see Table 10). 
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TftMo XO. Mean Jditmxbey of dead slugg per pot on a dates, days after sowing. 



Te9t 


Compound 


Doeage 


2 days 


A days 


7 day<$ 


No. 




(ml) 










Insecticides 










n 


abamectiae 


10 


0 


0-3 


0.8 


MoRuscicides 


V 


metiiiocazb 


2 


0.3 


0.6 


ZZ 


V 


methiocarb 


4 


0 


1.8 


JL» 




cinnnmald&hyde 


2 


0 


0 


0.6 


Y 


cinnamaldefayde 


4 


0 


0 


0.6 


Z 


cinnamaldeliyde 


10 


0 


0 


0.5 


QQ 


metaldahjrde 


S.8 


0.5 


as 


2.0 


WW 


imidaclopcid 


8 


0 


0 


1.0 


XX 


imidaclopcid 


12 


0 


0 


0.8 


T6st Compound ~ 


E 


ihzac]oPtid 


2 


0 


0 


as 


Controld 




Untxaated 


0 


0 


0 


1.0 




UotrdH-Sepir. 


0 


0 


0.3 


0.8 


. Mean 






0.1 


0.3 


1.2 


L8D(aa0.0fS> 




as 


0.8 


IJZ 


F-pKob. 




0.074 


<O.001 


< 0.001 



Botd-£BUsed type = significantiy aifGefent firom untccatod seed CDest No. GG6) 

AjEter 2, 3 and 7 day$, the application of metbiocarb, metaldehyde» 
thiacloprid and imidadoprid resulted in a dignifLcant reduction in the number 
of fecaL pellets observed per pot relative to the untreated conteol (Table 11). 



Tablo XL Mean nnmber of fecal pellet? per pot on 3 datcB, days after sowins. 


Test Compoond 
No. 


Dosage 
(nd> 


2 days 


8day9 


7da3r5 


Insecticides 


n abatnectine 


10 


11 


80 


89 


MoflusdcldGS 


U meiihiocarb 


2 


X 


9 


20 


V methiocatb 


4 


2 


7 


U 


X cinnamaldeHyde 


2 


46 


91 


124 


Y dnnamaldehyde 


4 


28 


58 


82 


2 dnnamaldehyde 


10 


42 


77 


91 


QQ mataldebyde 


ZJB 


0 


0 


8 


WW Imidacloprid 


8 


6 


17 


29 


XK imidadopnd 


12 


3 


17 


28 


Test Compound 


K thiacloprid 


2 


8 


14 


17 


Contipls 


GOG Untreated 


0 


40 


77 


95 


HH£C Untrd-i-SeDir. 


0 


81 


66 


85 


Mean 




19 


42 


68 


LSD(a = a06) 




18 


29 




P'Prob. 




< 0.001 


< 0.001 


< 0-001 



Bold-Ckced ^pe ^ significantly difEstent &om untreated seed (Tast No. GGG) 

Conclusions 

Seed treatment with the insecticide abamectine does not give the 
desired effect. The number fecal pellets and the number of damaged seeds was 
significantly lower than the control in some instances, but tixe number of 
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present plants and the number of utilizable plants was not hi^er than the 
untreated controls as a result of the phsrtotoxic effect on the seeds. 

Seed treatment with the moUusdcide methiocarb provides a fairly 
food protection of the seeds against sliigs. Methiocarb treatment also increased 
5 the number of dead slugs observed. Further, at all time points and dosages the 
methiocarb tiealment the number of plants present and the number <rf 
utilizable plants were higher and the number of damaged seeds and the 
number of fecal pellets were lower. 

Cinnamaldehyde treatment of the seeds does not result in the 

XO desired effect. Although in some instances significantly less damaged seeds 
were found relative to the untreated seed, other observations gave no 
significant differences. Cinnamaldehyde resulted in an equal number of fecal 
pellets in comparison to the control. Although less seeds were damaged than in 
the \mtreated control (more than 50% reduction), very few seeds germinated as 

15 arestdtof the phytoto:jdc effect on the seeds. 

Treatment with metaldehyde results in a good action against 
slugs. The treatment results in more dead slugs and less fecal pellets. Further, 
the number of damaged seeds is lower and the nxnnber of present plants and of 
utilizable plants is hi^er. Also more mucixs was produced by the slugs. 

2^ - Treatment with imidacloprid provides an acceptable rosxdt. The 

number of fecal pellets and of damaged seeds was lower and the number of 
present plants and of utilizable plants was higher. 

Treatment with thiocloprid provides good results. Although no 
difference in the number of dead slugs was found, this treatment restdted in 

25 less damaged seeds, more present and utilizable plants and less fecal pellets 
than the untreated seed. It surprisingly did so with a lower dose than the 
related compound imidacloprid and in general still was able to achieve sUghtly 
better results than the high dose imidadoprid. 
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gxaniplfi 3, In vitm trial aiIc^^^ y.^^^^ 
7)reatments 

The compounds and doses used are described in table 12. 



A 
B 

C 
0 
IS 
F 



Untreated* 

imidaciopcid 
Thiadioprid 
Thiacloprid 
Thlaatoprid 
_UiiinfeBt»r 



formulattoBi 



Formulated 



Active in predient 



IhcadB name 



100 4- 
lOOeAFS 
480 ^SC 
480g/ISO 

480 ease 



20 ml 



2 + 2^ 



Chinoolc 




Cultivation 
Location 
Plots consist of 

Trial mecfium 
Cultivar 

Thousand seed weight 
Seed treatments 

Sowing date 
Number of seeds per 
pot 

Experimental layout 
Niunber of replicates 
Temperature during 
ctdtivation 

Trial 

Location 
Starting date 
Slug species 



Number of slugs per 
plot 

Temperature during 
trial 

Relative humidity 
during trial 



Glasshouse 

One earthenware pot, diameter 20 cm, height 18 
cm 

7 cm of peat based potting compost, covered with 
suversand 
Talent (00) 
7.0 g 

Carried out on 12 March 2004. The fungicide 
treatment was 4 g a-L TMTD per kg seed 
9 April 2004 i- i^u 

40 

Randomised block design 

4 (I to rV). Anixex 1 

16 hours 20 ^C, 8 hours 15^*0 



Laboratory 
20 April 2004 

Grey field slug (Deroceras reticulatum). The slugs 
were a>llected from the field and only healthy 
mdividuals were used 
5 

±18°C 
±90% 
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Assessment 

Duxing the ciiltivation the numbers of emerged plants per plot were counted 
on 16, 19 and 20 April, the last date being the starting date of the trial, 
Afiber etartixig the trial, assessments were made on 21, 23 and 26 A^xiL At 
5 each assessment, the total numbers of plants, the numbers of attacked plants, 
the numbers of dead slugs and the numbers of fecal peUets were counted. The 
fecal pellets indicate a relation to the number of damaged plants. In addition, 
the numbers of normal plants were counted on 23 and 26 April and the fresh 
aboveground plant weight per plot was assessed on 27 April. Normal plants 
10 are plants that are likely to produce a normal yield, although they have been 
attacked. 
Statistics 

Data were analysed using analysis of variance and Student's t-distribution 
with the PPAIR procedure. Means in the same column followed by difiEerent 
15 letters are significantly different. 
Results 

Cultivation 

On 16, 19 and 20 April, no significant differences in the ntunbers of emerged 
•plants were foxmd between the treatments (table 13). 



. TflMe 13. Mumhets of emenietf plants on threo dat(» during cutiivMIan, 20O4, 






oxeatment 


Onl/bg) 


16 AprU 




20 April 


UiitreatedT 
miinlested 
Chinook 

Calypso 
Calypso 


0 


10.3 


22.0 


24.0 


20 

4.2 
10.4 
80.8 


10.3 
11.0 
21.5 
13.0 


22.0 
2M 
24.5 
23.0 


21.0 . 
24.6 
24.8 
28.6 


Average 




ia.3 


22.6 


23.6 


LSD(a = 0.05)»tr. 
LSD (a = 0.05). It,- 
untr. 
P-prob. 




13.2 

11.4 
0.390 


S.3 

7.2 
0.936 


7.3 

6.4 
0.ft2l 


Slugs 

On 21 and 23 April, seed treatment with Calypso or even the reference product 
Chinook resulted ixx no dead slugs (table 14). On 26 April, 1 dead slug in total 
was found, in treatment with 10.4 ml Calypso per kg seed. This was not 
significantly different from the other treatments and the untreated plots. 


Tabtel4. Numbeis of dead s(u(is<m three dates. 2004. 






Axeacment 


Rates 
(col/kg) 


21 April 


23Atiril ' 


28 April 


Untreajted 

Chinook 

Calypso 

Calypso 

Calypso 


0 

20 

4.2 
10.4 
20.8 


0 
0 
0 
0 
0 


0 

• 0 
0 
0 
0 


0 
0 
0 

as 

0 
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0 


0 


0 


0 


LSD (a = 0.06) 
F-pzob. 




0 

0 

■ ♦ 


0 

0 
★ 


0.0 
0.3 


On 21 aud 23 April as weU as on 26 April, no sigrubBcant dijBEerencee in the 
numbers of fecal pellets were found between plots with slugs (table 15). 

T^tfaia Numfaos of fecal aeOets on three dates, 2004. 


jLxeatment 


Hatea 
<ml/ke) 


21Apra 




26A|>xa 


Untreated 
Chinook 

Colypw) 
Colypao 
Oatypeo 
Unin&stad 

.Averaco 


0 

20 

4.2 
10.4 
20.8 

0 


21^ , b 
23.0 . b 
25.0 . b 
16^ . b 
23.0 . b 
0.0 a . 
16.1 


AiJQ . b 
49.0 . b 
53.3 . b 
46.5 . b 
49^ . b 
ao a . 


65^ . B 
1043 . B 
943 . B 
62i) . B 
90JO . G 
0.0 a . 


LSl>(a*0.06) 
F-Pjcob. 




124 
0.006 


393 
174 
< 0.001 


72.7 
51.2 
nnar 


Attack 

On 21 aid 23 April, no significant differences in the number of plants were 
found between the treatments (table 16). On 26 April, treatment with 10.4 ml 
Calypso resulted in an equal number of plants as the uninfested plots. There is 
not any dose response. 


Table 16- Kumben of nhmls on three dates darlnq tlie trial, 2004. 






xreecment 


IKates 


21Apida 


23April 


26 April 


Uatroatod 

Chinook 

Calypso 

Calypao 

Calypso 

Unin&stedi 

AveracB 


0 

20 

4.2 
10.4 
20.8 

0 


20.0 
26.3 
26.8 
26.8 
26,0 
27.0 


23.8 
25.3 
26.0 
27.8 
27:8 
29.8 


23.6 a. 
26,8 a. 
25,8 a . 
20,8 a b 
27.6 a. 
340 . b 


LSD (a = 0.05) 
Ffizob. 




24.5 
7.9 
0.601 


26.6 
6.8 
0.571 


27.6 
6.6 
O.ODO 



Treatments with Chinook and Calypso resulted in equal numbers of attacked 
^ plots on 21, 23 and 26 Api-il (table 17). Seed treatment 

with 10^ ml Calypso per kg seed resulted in a lower percentage of attacked 
pj^ts than the untreated plots, although the difference is not significantly 
different on 21 April, 12 days after sowing. 



T>litel7- PefceniaQeo fattacfcedolaiiteonqnBeOates.ani4. 



Untreated o 



S*^. 20.8 67.0 b t J29 

Unin&sted n . ^4 • 100 
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Treatments with Chinook and Calypso resulted in equal nvuxibeirs of normal 
plants as the untreated plots on 23 and 26 April (table 18). The percentage of 
normal plants decreased between 23 and 26 April. 



5 Tal)feia» PetTOnfaqBQffnonmln>attfsimtwclates»^Q4. 

Txeataient Rates 23 April 



UnixBated 

Chinook 

Calypso 

CaJbnpso 

Calypso 



ConclusioTis 



(ml/kg) 



26 April 



• Seed treatment with 4.2, 10-4 or 20.8 ml Calypso (thiacloprid) per kg 
seed had no negative efifoct on the emergence of oilseed rape plants in 
comparison with the imtreated seeds at the assessments on 16, 19 and 
20 April (table 2). So there is not any visible phytotoxic effect. ' 

• Seed treatment with 4,2, 10.4 or 20.8 ml Calypso per kg seed showed no 
significant protection against slug attack in this trial, 12 days after 
sowing. In comparison with the untreated plots these seed treatments 
showed no difference in the number of dead slugs, fecal pellets, plants 

1 5 per plot or attack (table 3 to 7). This was similar to the effect of 

treatment with Chinook, the reference treatment with U^yfluthrin and 
imidacloprid. Nevertheless, seed treatment with thiacloprid at doses of 
10*4 and 20.8 ml per kg seed decreases the damage. 
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Example 4. In vitro trial wheat 
TYeatments 

The compoimds and doses used are described in table 19. 



TaMelB.. TrgatmCTteandctoseggsedtoconuolsltigsinoiTsaBdwpef^ 

Txeatmont Active itigredieat CoatentA ppse per kg seed 

^ formwlatlon Fwmulated 6nD Active inffcedient (g> 



Trade name 



A tXntreated 2002 

B InufdaGloprid 600 g/1 FS 

C Thiacloprid 480 SC 

P TiiiAcIoprid 480 SO 

.B ™y»5^r^d_ 480^/lSC 



0 
0.58 
1.04 
2.08 
5.21 



0 

0.86 e 
1.0 K 



10 

2 
12 



0 
0.96 
4.8 
1.4 
8.1 



Calypao 



J 

P Tidacloprid 480 g/l SC 

O Thiacloprid 480 g/l SC 

H Imidadoprid 70% WS 

^ 

the research in 2002. 

'^^^^^^^ carried out on 12 Mnreh 2004; the seed trGatmenta in 2002 were carried out on 6 



Calsrpeio 
Cftlypeo 
Gaucho 



Trial data 



Location 
Plots 

Tiial medium 
Gultivar 

Thousand seed weight 
Seed treatments 



Starting date 
Number of seeds per 
plot 

Slug species 



Number of slugs per 
plot 

Experimental layout 
Number of rephcates 
Temperature during 



: Laboratory 

: One earthenware pot, diameter 20 cm, height 18 cm 
: 7 cm of peat based potting compost^ covered with 

silversand 
: AtoE ; Picolo (spring wheat) 

F to I ; Rampa (winter wheat) 
: AtoE ; 39g 
Ftol ; 51 g 
: AtoE ; Carried out on 12 March 2004. The 

fungicide treatment was Sibutol PS398 
(bitertanol 375 & fuberidazole 023 
F to I ; Carried out on 6 March 2002. The 
fungicide treatment was 50 mg 
fludioxonil per kg seed 
: 24 May 2004, sowing and adding of slugs to the pots 
: 40 

: Grey field slug (Deroceras reticulatum). The slugs 
were collected from the field and only healthy 
individuals were used. 

: 5 

: Randomised block design 
: 4atoIV) 
: dbl8X 
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trial 

Relative humidity : ±90% 

diiiiag trial 

Aseessmetit 

After startdxLg the trial, assessmentg were made on 26 and 28 Mjay and 3 June. 
At each assessment, the numbers of plants visible and the numbers of attacked 
5 seeds were coimted. Visible coleoptiles were counted as plants. On 26 and 28 
May, also the numbers of fecal pellets and the numbers of dead slugs were 
counted. The number of fecal pellets is strongly correlated to the damage to the 
seeds. On 3 June, the numbers of "normal" plants and the numbers of Uving 
slugs were counted. Normal plants means that those plants will develop 
10 normally in spite of some damage by slugs* 

Statistics 

Data were analysed using analysis of variance and Student's t-distribution 
with the PPAIR procedure. Means in the same column followed by different 
15 letters are significantly different. 

Results 

On 26 May,2002 seed treatments showed a lower number of plants in 
comparison with the seeds treated in 2004, which is a consequence of storage 

20 of the seed for two years. 

On 26 May, two days after starting the trial, the 2004 seed treatments with 

1*04, 2-08 and 5.21 ml Calypso resulted in more visible plants than the 

untreated 2004 plots (table 20). The 2002 plots did not differ mutually. On 28 

May and 3 Jime the 2004 treatment with 2.08 or 5.21 ml Calypso per kg seed ^ 

26 resulted in more visible plants than the untreated 2004 plots. Treatment in ^ 
2002 with 2 or 10 ml Calypso or with 12 ml Gaucho per kg seed gave more 
visible plants than the untreated 2002 plots. The 2004 treatment with 2.08 ml 
Calypso had the same result as the 2004 treatment with 2 ml Calypso PPO, 
ten days after sowing. 

30 



Table 20. Percentage of visible plonte on throe datoo. 3004, 


Tteatment 


Ratos 
(ml/ke) 


26 May 


28 May 


8 (Tune 


Untreated 

2004 
Qaucho 2004 
CaJiypso 2004 
Calypao 2004 
.CsJ^Qgso 2004 


0 

0.98 
1.04 
2.08 
5.21 


CO a b . . . 
14.5 . b e . . 
20.8 . . c d . 
28.3 ...da 


0.0 a . . . 

0.0 a . , . 
11.8 a b . . 
27.0 . . c . 


0.0 a . , . 

0.0 a . . . 
10.0 a b . . 
27.5 . . c . 


2002 
Calypso 2002 
Ca]^T>3o 2002 


2 
10 


1.8 a . . , . 
3-8 A . . . . 
3.8 a ... . 


0.0 a . . . 
2C.0 .be. 
72.0 . - . d 


ao a . . . 
30.0 . . c . 
65.0 . . . d 
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Gaucho 2002 2 5.8 a b . , . 3.8 a . . . 0.0 a , 

Gaucho 2002 12 $.8 a . . . . 28.8 . . c . 18.8 .be. 

Average 12.8 _^ 24.8 22.8 

LSD (a = 0.05) 10.6 14.5 18,8 

^-Prob. < 0.001 < 0.001 < 0.001 ^ 

On 26 May, all treatments showed a decrease of slug damage to the seed (table 
21). The 2004 treatment with 5.21 ml Calypso gave a lower percentage of 
attacked seeds than 2004 treatment with 1.04 and 2.08 ml/kg seed. All 2004 
5 Calypso treatment resiilted in fewer attack than 2004 Gaucho* Between 2002 
Calypso and 2002 Gaucho were no signi&cant differences. 
On 28 May and 3 June , the 2004 treatment with 2,08 and 5,21 ml Calypso 
gave a significantly lower percentage of attacked seeds than the untreated 
2004 plots and other 2004 treatments. Treatment with 5-21 ml/kg seed had 
10 only 23% of attacked seeds, ten days after sowing. The Calypso 2002 

treatments and 2002 treatment with 12 ml Gkiucho per kg seed only also 
resulted in fewer attacked seeds than the untreated 2002 plots. The 2004 
treatment with 2.08 nxl Calypso and with 2 ml Calypso 2002 treatment showed 
similar residts. 

15 Seed treatment with Calypso 5.21 ml in 2004 and Calypso 10 ml per kg seed in 
2002 did not show any dose response; both of these doses did show a dose 
response in comparison with 2 and 2.08 ml/kg seed. 



20 



Treatment 


Rates 
(mWfcs) 


26 May , 


28 May 


8 June 


Uatreated 


0 












2004 

Gavcho 2004 
Calypso 2004 
CalypHo 2004 
.23%teB3o 2004 


0.68 
1.04 
2.08 
5.21 


50.8 

22.5 
9.6 


. . . d , 

.be., 
a . . . . 


100 
100 
88.8 
68.8 


* . c 
, - c 
. . c 
. b . 


99.6 . . c 
100 c 
97.6 . , c 
67.0 . b . 


Untreated 


0 












iiiii 

III! 


2 
10 

2 
12 


42.0 
10.0 

2.5 
12.5 

9.6 


. . . d . 
a . . . . 
a . . . . 
a b . . . 
a . . . . 


1O0.O 
52.0 
83 
88.8 
68-3 


. . c 
. b . 
a . . 
- . c 
b. 


08.8 . . c 
63uB . b . 
30.0 a. . 
08.6 e 
65.0 . b . 


Averaeo 




27.3 




68.8 




73^ 


]:^(ats0.05) 
P-prob. 




12.0 
<0.001 




17.0 
<O.001 




15.5 

<aaoi 



On 26 May, all 2004 seed tceatmeuts had fewer fecal pellets than the 
untreated 2004 plots (table 22). Also the 2002 seed treatments i^owed a lower 
number of fecal pellets than the untreated 2002 plots. On 28 May, 2004 seed 
treatment with 2.08 or 5.21 ml Calypso showed significantly fewer fecal pellets 
25 than the 2004 untreated. Seed treatment in 2004 with Calypeo in three doses 
resxdted in a significantly lower number of fecal pellets than treatment with 
2004 Gaucho. Treatment in 2002 with 2 or 10 ml Calypso or 12 ml Gaucho also 
resulted in fewer fecal pellets than the untreated 2002 plots. Treatment in 
2004 with 2.08 ml Calypso did not differ jErom 2 ml Calypso in 2004. 
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TaWe 22« Number of feoaa pcllots on twro dates, 2004. . 

TVoabnoat Rates 26May SSMaj 



Untreated o 

433. .,d S4j0...de, 

Gaadio 2004 0.6B 28.8 . b c , 73s f 

Calypao 2004 3U04 1S.0 a b . . 453 ! c d ! . 

.S^bQ390..%Q4^ ^6.21 63 a . . . a3 a 

Untreated, . ' ' ,«—t-a— 

« ^ 333 . . c d 813 .... f 

Calypso 2002 2 103 a . . . 203 a b 

Calypflo 2002 10 13 a . . Ma 

Gfludio 2002 2 153 a b . . 643 e f 

,GaiiehQ 2002 12 S3 a . . . ?^ a b ' 

-Ayeraga 

l^(a = 0.05) 55" — " -~ --35^^ 

F-prob. <0301 



<aooi 



On 3 June the 2002 treatment with 10 ml Calypso per kg seed resulted in more 
normal plants than the other treatments and the untreated plots. 
No dead slugs were found on 26 and 28 May (not displayed). On 3 June, only 
the 2004 treatment with 1.04 ml Calypso resulted in fewer living slugs than 
the other treatments. 

^>le 23. Nwmbor of norm^ Tilants and num ber of IMn^ r gfugQ. a Jane 2004. 

TKBatment Rates Normsd planta 



Ccnl^^ 

Untreated ^. 0 



Uvittg^ allies 



53 . b 

5.0 . b 

43 a . 

5.0 . b 

53 . b 



2004 03 a . 

Gaueho 2004 0.68 00 a 

Ca^ypao 2004 1,04 Q3 a ! 

Catypao 2004 2.08 13 a 

-CafeK^.^lQd 5.21 S.3 a ! 

Untreated "o " 

2002 03 a . ' qn h 

^Oypso 2002 2 13 a : |S ' f 

Calypso 2002 10 173 b cn h 

Gaucho 2002 2 03 a ^ t 

Qaucho 2002 la 13 a . ^ ' il 

Avorage _ 2.7 

LSD(a = 0.0Q ~ 55^ 



53 . b 

53 



F:-prob. <O.001 



02 



Discussion and conclusions 



• The 2002 seed germinated slower than he 2004 seed; on 26 May the 
2002 seed did not show differences in germination, whereas the 2004 
seed did. This was a result of a storage period of two years of the PPO 

15 seed. 

♦ Seed treatments with 2, 2.08, 5.21 and 10 ml Calypso per kg seed 
resulted in good protection against slug attack. The numhers of visible 
plants (table 20), percentages of attacked seeds (table 21) and numbers 
of fecal peUets (table 22) showed significantly better results than the 
untreated plots (both 2002 and 2004 treated seeds). 
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Seed treatment with 1-04 ml Calypso per kg seed showed an ixiSTifficient 
protection against slug attack. The nnnxber of visible plants otiMs 
treatment decreased after the first assessment (26 May), whereas the 
higher dosages showed constant or increasing nmabers of visible plants. 
Also the nxunbers of attacked seeds were only significantly lower than 
the tmtreated seeds at the first assessment, on 26 May. 
The similar dosages of Calypso, 2 and 2,08 ml, showed no difference in 
the level of protection against slug attack. 

Seed treatment in 2002 with 12 ml Gaucho per kg seed showed similar 
protection against slugs as treatment with 2 ot 2.08 ml Calypso. 
Seed treatments with 0.58 or 2 ml Gaucho per kg seed did not result in a 
sufficient level of protection in this trial. 

The highest dose of Calypso, 10 nxl/kg seed, resulted in more normal 
plaats than the other plots (table 23) . It resulted, together with 
treatment with 5.21 ml Calypso, also in more normal roots than the 
other treatments. 

Seed treatment with Calypso at a dose of 5.21 ml per kg seed showed a clear 
dose response in comparison with 2 and 2.08 mJ/kg seed; treatment with 10 ml 
20 showed no difference with 5.21 ml. From this can be concluded that the 

optimal dose for protection of wheat against slugs should be between 2 and 
5.21 ml/kg seed. 
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